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"Processing method of a mixture for tyre rubber compoiisd*" 

The present Invention relates to a method for processing mixtures and 
compounds made from rubber and various iagredicnts, used to obtain tyres and 
components th^eof such as tread bands and the like: the invention is especially 
advantageous when used in coxmection with &e production of rubber compounds 
r^nforced with silica. 

More particularly, the compounds which may be prepared with the method 
accotding to said invention are those of the type comprising a poiym^c base 
having an unsaturated chain that can be crosslinked with sulphur in hot 
conditions, added to at least one silica filer and a silica bonding agent containing 
at least one sulphur atom. 

The polymeric base may be any polymer <x mixture of polymers^ non- 
crossHnked, of natural or synthetic type, able to assume all fixe diomical/physical 
and medsani cal features of eiasComers afte* suh^le crossiinidng. 

European patent i^lication No. 99*S30I89.9, in the name of the A|^licant 
of the present inventicHi, discloses a n^tiiod Soar producing the abovonentioned 
con^unds tiKduding at least a first opmting st^ intci^ed for mixing the various 
basic ingredifflits so as to obtain a mixture. 

This step is p^tmed in a cbsed disconlimiois mixer, i.e. a known 
device which basically cominises a container internally housing a pair of lotocs 
tuming in opposite directicmSy so as to mix up &e ingredients mlrodaced into Ihe 
container from the top thmof 

For this pmpo^, said device Is ]»ovided with a pneumatic cylinder located 
in Ike }spp^ part of &e container and a p^on movable upwards to open die 
cantab^^, hereby allowing the ii^duction of ^ mgredients via special loading 
lioppersy and do wnwazds so as to exert a {nessure on the material processed by the 
n^Qfs and located above them. 

A pneumtic system localed on the bottom of the con^iner allows 
discharging of &e mixture at the end of &e mixing cycle by opoung a suitable 
outlet. 

As mcntioi^ above, the devices likes &e one des«ibed above are well 
knows in the art: they are indeed referred to as **Banbury®" or 'ante^nix®^ 
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depaiding on whether the rotors operate tangeatiaiiy relative to each other or are 
inter-penetrating. 

Hereinbelow die material processed during the various operating steps will 
be indicated by the term "mixture" in order to distinguish it from the "compoxmd", 
which is instead &e product obtained by adding the vulcanizing system to the 
mixture. 

The method claimed in the abovementioned patent application is aimed at 
providiiig substantially constant characteristics for those compounds having 
tdcfitical coQ^osition, but being produced discontinuously in separate batches, 
namely with the new char^g of basic ingredients into the mixer after it has been 
emptied of tiie previous contsits. 

Indeed, mod infiequently it happens that in the known procesdng methods, 
the final compotmds jnioduced fiom successive batches have physical and 
medumical properties which are also sigm£cantiy different from each other^ 
de^te being produced from the same basic ing^ients ^d using the ^mie 
recipes* 

For &is puq)ose^ in the prior method there are defined at least two indirect 
process ptfameters, for exaa^le die power ^lied to Oie pair of (posing rotors 
and the ten^Msature of the mixture |:ffocessed by tog^her with at least two 
dteect paiametos such as &e speed of the rotors ai^ the pressure exerted by the 
pistcm of the discontinuous mix^. 

Therealte; in ord^ to obtain the desired r^ult, the me&od according to 
the afbrem^oned ai^Iicadon suggests to periodically d^ea (Hie or be^ of die 
indirect parameters and^ if necessazy, to correct dieir |»ogres$ion over time, by 
i^rying one or bod) of the direct parameteirs. 

This op»ating method allows to achieve the object of producing in a 
repeatable manner, compounds with constant characteristics or tn any case that 
fail within a |»:ede£ined range of variation. 

However, this meflsod relates only to the operating steps which occur 
within the discontinttons mixer and <k>es not analyse the manufacturing process of 
the nnxtures as a whole; m odi^ words, the mediod described in Eurc^ean pat^ 
s^lication No. 99,830189.9 does not analyse the c<Hisequences brought by the 
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non-compliance with the predefined limit values for the (direct and indirect) 
mixing process parameters, on the other steps of the mixture and compounds 
processing cycle (for example on additional steps involving mixing with other 
mixtures in order to obtain the so-called ''blends*', on vulcanization, etc*). 

For instance, refer^ice should be made to the case where malfunctioning 
of a machme or human eaor could result in Oie tCTperahtre of the mixtoe or the 
power tssed by the rotors at a given mstant, deviating from the predefined values: 
what are &e ciH^uences and whai steps may be taken in order to nmedy this 
situation? 

It should be noted thai the answer to said qi^stiosis is of considenible 
importance because, as will be seen* it avoids the production of large quantities of 
material whidi miuit ^t^&^ be discarded at the a»l of the manui^ctuiisg process 
together wi& all the negative consequences arising therefrom. 

The object of the presoit inventioxi is therefore to solve this problem by 
prodding n method fc»r {^ocessing mixtores and zubb^ conipounds, vifh&thy it is 
possible to opezate imi&e^at^ily on line in ord^^ to correct or limit the negative 
cmisequences arising &Qm fiuctuatiors of die process parametets, beyond the 
predefined tolmnce limits. 

The invention comes £:Qm .Applicant's percq^titm diat the operating stq^s 
which make xtp the cycle for processii^ of ^ mixtures and compounds m of 
varying in^ortance for obtaining the de^red features in ^ end product. 

Consequently, in accordance with the present invention^ a processing 
inediod has been developed whereby at first refo^ce values with a^odated 
deviation tolerances for the process parmeters, during one or mosc <^>erating 
steps, are defined. 

These param^ers may be ihe energy used by the rotors, the temperature of 
d» mixtuie and the dur^n of mixtng within the mixer or, downstream of the 
lattCT, the duration of the cycle fer extraction of the semi-finished p3X>duct in sheet 
form (hereafter also refened to in short as "extrusion**), as well as any odser 
parameter acc<Mrding to the circumstances. 

Thmafter, coefficients indicating ibe weight (or importance) of 
con^Iiance with the tolerances, in <»der to achieve the desired final characteristics 
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in a given compound, are assigned. 

Throughout the manu&ctunng process* ti^ a^irem^tioned process 
pmietere aie measured for each batch and respective evaluation coeffici^te are 
attributed, depending on the vahies measured; finally, the coefBdents attributed 
are added together and, on the basis of the result obtained, a classiScation of the 
semi-finished products obtained with tiie various batches of materia! is 
determined, 

Ihis clarification provides a qualitative evaluation of the s«ni-finished 
product and, on the basis thereof, it becomes possible to operate directly along tbe 
production line m order to prevent any defective mixtures or compounds fiom 
cauang damage to subsequent production. 

For instance it could be considered tbe case where a mixture to be 
discarded is mixed tog^er with other defect-free mbctures» thereby adversely 
afiTecting the "blend'* obtained: &is might require to discard iarge qoanli^es of the 
material produced. 

Ih particular» the method accoxdiing to the invention is specifically used for 
the production of silica-reinforced compounds whidi cos^rise the following 
ingredients in variable quaotities^ per hundred parts by weight of polymeric base 
(phr), b^eoi the following limits: 
Polymericbase 100 
Caxb(»i black 0-80 
Silica 10-80 
SOiea bonding agent 4%-i5% of silica 

2^ oxide ^0} 1*3 
Stearic add 0»3 
Anti-degradalion agents 1 -3 

Plasdciangoil 0-30 
Anti-ozone wax 0,5-3 
Specific di«nical ingiedioits. 0-15 

hi accordance with fbis isped of &e invention, the tolerance ranges of 
pmcess paran^tos are -^ledefined for each type of compound to be produced. 

Furtl^r characterising features of the presrait invention and the advantages 
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deriving therefrom will aj^ear more clearly frcHti the description provided herein 
below, relating to a preferred and a non-exclusive embodiment thereof illustrated 
in the accompanying drawings wherein: 

- Fig, I illustrates in a diagramatic form the typical processing steps of a 
nurture using the method according to the present invention; 

- Fig. 2 shows in simplified form a discontinuous mixer used in the method 
according to the invention; 

- Fig. 3 ^ows» In the form of a Cartesian diagram, the variations over time 
of the mam process parsneters during worldng in the mixer of Fig. 2; 

- Figures 4 and 5 show nespec^ve tables for evaluation of semi-fnished 
products obtained with the method accoidii^ to the invention; 

- Fig. 6 shows a &rth^ t^le relating to the characteristics of two 
compounds ]»oduced using ^ method according to the invention. 

W& re&rmce to the figures listed above, the first of than shows b 
sdiematic iami die main st^ which make ^> the processing cycle for the 
ptqiarafton of a mixture stardng 6om basic ingredients; the gotoral features of 
these steps are aheady known since they are normally used for ihe production of 
tyre compounds* 

The first of said stq)s, bleated by 1> consists in wdj^hing the various 
ingredients and feeding ihm to a discomlnuous mixer which will be bett^ 
deseed below, 

&dd mixer, during step 2, po&nns mixing of the various mgredini^ in 
accordance wifli jnedetermined process parameters and the mixture thus obtained 
is conveyed to an extntdor wiiere step 3 is performed 

The <RCtruder may be of die double*screw or singie-scxew type; in both 
cases, at the »tmd^ oud^ the mixture is rolled by nsmg a pair of calendoing 
rolls (visible ^dewise in stq) 3 of Fig. I) so as to form it into sheets of predefined 
width (60-80 cm) and thickness (6-1 0 mm). 

In accordance with a prefored embodunent of the invendcm^ the 
calokdoing rolls are of the variable Motion type so that it is possible to vary dieir 
torque and operating speed. 

As an alternative to the extruder system plus calendering rolls, for 
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performing the mixture into sheet it is also possible to use mixers of the open 
type, where the mixture is poured from above with respect to a pair of counter- 
rotatbg drums which roll it, and then wound il onto one of them. 

The sheets obtained then undergo a "batch-ofT treatment (step 4) wherein 
they are wetted widi a liquid solution which reduces their surface adhesion; 
following this stq) &ey are cooled and dried, being hung up in fe^oons within 
special ventilated chambers. 

The sheets thus treated are &en arranged on boidies, wailing for &rther 
processing thmof. 

More ^ecifically, in accordance with the method of the inv^tion the 
strip*like sheets are sorted out onto various benches, depending on the degree to 
which fht prede&ied proc<»s parameters have been complied with during the 
process; ^e manner in whkii this selecticm is performed will be ikscnbed in 
greater detail below. 

It must be pomted out here, however, that as a result of sorting Uie ^e^ 
<m the various benches following to the quality degree of ^ product^ re^ecdve 
x&es may be envisaged fyr &e vsdoos sefec^ sheets to prev^ those which are 
defective or in any case do not perfectly sattefy the necesssuy requirements, from 
b^g subsequently mixed with sheete whi^ are defect*fi«e. 

Consequently, ^e ^eets of one bench may undergo proofing opens^ons 
diffeMOlt fom Hiose of ano^Mr bend^ exas^le some dieets (those regarded as 
satisfying the imessary requii«nents) will be &rther processed in a discoi^oous 
mixer together with to vukalEdzing agent so as to form the fatal raw compound^ 
other sheets (crasidered to be defective) will be combined with further mixtures 
so as to obtain a desired blend, \K4imas finally o&sr sheets (conddmd to be 
unacc^t^le) will be discarded. 

The finthor processing operations may be pc^ormed with the same means 
used for steps 2-5 or also in dififen^ installations. 

The tables of Fi^. 4 and 5 show some values iiulicating tbe tolerances 
w^ respect to nominal re^iei»:e vali^» applicable to c^tam process parameters 
hm^ ie^>6Ctively monitored during the coire^ponding steps H-N; these nominsd 
values and the associated tolerances may be obtatned in an experin»»Ual mamier 
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and obviously depend on the type of mixture being processed 

These values therefore d^end on the composition of the mixture and on 
ihe features thereof to be obtained during the various processing steps. 

For exanq»ie, with a discontinuous naixer 10 such as to shown in Fig. 2 
(Banbury® type)> provided with a pair of tangential rotors 1 1 and 12 which have 
an intetnqKed-^tral profile and whkh zotate in opposite directions inside a 
ciiambcr 13, and a pneumatic (or hydraulic) cylinder 14 which opo^ a piston 
16by meai^ of aiod 15 so as to compress the mixtare 17, it is possible to perfmni 
a mixing operation sudtt as that shown ia Fig. 3. 

In this mixer, indeed, the pressure exerted by the piston 1 6 on the mixture 
17 may be varied by raising or loweriz^ said piston: this consequently also allows 
variation of the power needed to provide rotation of the rotors 11, 12 and 
^leanc&re tJbc caetgy used by ttte system; the oiergy appears as an increase or 
decrease in the tempemture of the mixture. 

In onto to cany out the method of (he invention^ die in^rect process 
pacamiBteTS sach as the energy used by the pair of rotors 11, 12» are monitored 
during processiag in a predetermined time sequence; getteraHy, the time interval 
between two siccessive monitoring opmtions is lower than two minutes* 
preferably not greater than 30 seoonds and, cv&x more prefi^ly, not greater than 
15 seconds so as to be able to correct in real time any oscillation within the 
predefined tolerance iiHervals. 

Where conMdered necessary or appropriate, these indirect process 
parameters are monitored at even sh<»t^ int«vais, lower than oss» second, ducing 
^ differ^ processing stages mooned above so as to minimize the degree of 
deviation of the values <^ said parametm &om the predefined iKmiinal value. 

At the start of tiie working cycle, the piston 1 6 is My raised so as to allow 
the introduction, through a side hopper 18 of the mixer, of a charge of mat^ial 
comprising at least one polymer or a mix of polymers^ a remforcing filler 
comprising silica in combination with, or instead of, carbon black and a bonding 
agent for the white filler 

In this connection it must be pointed out diat in the present descrip^on 
"Vhite reinforcing fillers" are meant those ingredients of inorganic type, such as 
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gypsum, talc, kaoiin, bentonite, titanitim dioxide^ alumina and various silicates 
and silica, used in tyre conq>ounds for example in order to increase the 
roadholding in wet conditions or reduce the rolling resistance of the tyre. 

For the sake of brevity said white fillers have been referred to, and will be 
referced to, generally by the torn "silica" or "silica fillers"; however, this term 
must nevertheless be understood in ths broadest sense of its meaning. 

The quantity of tnatenal loaded, d^^dmg on the volume of the mixer* in 
this case is prefi»ably between 220 and 250 kg. 

As can be noted firom the graph of Figure 3, during loading the curve of 
the adsorbed mechanical power has a minimuni value since the pair of rotors has 
not yet started mechanical processing of the mat^als; along this section the curve 
of the tempoatute shows a downward trend due to the fact that the thermocouples 
measure the temperature inside the chamber 13 which is cooling, following the 
unloading of the previous mixture and the subsequent introduction of 2iew 
matsiai at the envuonmental trapeiature. 

Hie entire quantity of silica may be introduced at the start of tiie 
]»ocessing cycle or i»:e&rably during di 1^ two sq>mte s^ of ^e 
abovemeiOioned cycle. 

When loadit^ of tiie materia] has boaic(»npleted,^ piston 16is lowered 
so as to compress the matmai inside the chamber 13; here and m &e following of 
the description die movements of the pi^xm are rpgardod a& beiog si^stantially 
instantaneous. 

Following this lowering movement, the adaod>ed mechanical power 
z^idly increases until it readies a peak value (after 30 secoi^) ^otce the rotois 
11 and 12, vt^dt ate rotating at constant revolutions, exm the maximum 
force xequhred to toe^ up and mix ti^^er ^ components of mixture wluch 
stili have high viscosity values; also &e tomperature st^ to rise. &ibseque»tly, 
as mbdng proceeds and the tesiperature increases, the visco^, and cmsequently 
also flie power consnmptioo, diminishes. 

At pcunt C of &6 jKOcessisg c^cle the munber of revoiuticms of Uie rotors 
undergoes a reduction (of the order of 1 0%) and at the same time the piston is 
raised so that the power adsorbed is reduced to a ccnre^jonding minimum vahie: 
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however, after a few moments the piston is lowered again, tho-eby giving rise to a 
new peak value of the adsorbed power (point D along the abscissa), foUowmg 
which the value fails again owing to the gradual reduction in viscosity, ako linked 
to the continuous increase in temperature which reaches a value of about 100 X, 

Raising the piston also has Uie effect to let to fall towards the rotors those 
baldi portions which have not been incoiporated in the mixture and have 
accumulated on the closing surface of Uie device as dust between the piston body 
and the container wall. The various percentages of the mixuire componKits are 
thus brought to their predetermined values, thereby fulfilling an essential 
jHGcondition £br achieving ti^ final prop^» of the mixture. 

As mentioned above, the (^eration of controlling processing of the 
mixture by means of the piston allows the temperature progr^sion to be kept, 
ovor time, m&dn tbc d^ired values necessary for coxxect formation of the final 
product 

Indeed* laising of & piston* by redtscing the pressure on the material 
being processed, aisures a graduated increase in the t^perature with a 
predetermined gradient and in any case has the effect of keqptng this parameter 
witiun acceptable limits, so as sot to adversely affect the fffop^es of the mixture 
being jHooessed. 

At the ssa» time the variation in the number of revolutions of the rotors is 
used to optixmz6bo& the mechasical processing and die temporature control. 

The ovemll workmg time fiom &e start of the cycle until tiie point f<M: 
compounds contamli^ silica fillers may be betwesi 9S and 115 seconds. 

Once this pomt has been readied, incorporatt<m of the silica fiUer into die 
polymedc matrix h coai^dered to be adequate; thorefbre^ further ing^ents axe 
indn^tced into the mixer. Piefoably, during ^st^ a residual quantity of ^lica, 
equal to about 25% of &e ovmUl quantity, k introduced 

The operation is performed by r^ng ti^ pkton and keq)ing it in tbis 
positicHi £ar the whole of the time required: during this operation the power 
consumption fills to mimrnum values (E-F) and ako the mixture tonpmture 
drops, not only , due to elimmation of the piston pressure, but also following &e 
intxD^ction of ingredients at nxnn ten^Kiature^ which ingredients may include in 
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particular liquid ingredients, such as piastkizing oil, wJiich favours this cooling 
effect. 

Once loading has beai completed &)oint FX the piston is lowered again 
and kept pressed against the mixture causing a renewed increase in the adsorbed 
power and a corresponding increase in temperature. 

The overall working time from the stait of the cycle until this increase, in 
the case of compounds with a silica filler, may be between 150 and 195 seconds. 

Subsequently, other (one or more) adjustments of the direct process 
parameters are performed, that is, variations in die number of revolutions of the 
rotors (for example two reductions of the value of ^out 40% each) and/or 
movements of the pressing piston, with consequent increases in the adsorbed 
power, in combination with or separaldy from each other and of predefined 
duration, in ord^ to complete disp^on and homogenization both of the silica 
and of the frirther ingredients ju&t add^ within the polymeric matrix 

It is assumed that zl the end of this processing phase» beginning with fbe 
start of the cycle until the point indicated by M along the ^cissa axis in 
counecticai with the last low^inig mo vemmit of fte piston, an q>timum di^iersioD 
of &e fiU«rs in the polymenc matrix 1^ been addeved: sMs phase is 
the si&cization stsp^ 

At the end of this (^lase, in accordance with the invention the tenq>eratufe 
of the mixture has readied its maximum value, of the ord^ of 140 ""C, aicmg a 
fhermal profile winch always remains within a range of predefrned values. 

Now starts I9te so-called silanxzatioii phase whidi oc«ipies the whole of 
the successive period until the end of the cycle and during which ibs chemical 
reaction between silane, silica and pofymer mainly occurs. 

This reaction consists in chemicaLl bonding of the silica to ttic polymedc 
matrix by means of the sllane. 

During this phase the pair of rotors rot^ at a low numb» of revolutions 
^nefisdalyof the order of about 5 to 10 revs^min.) so as to keq> the tempoafure 
stdsstanlially constant; this is possible since dispersion of silica and other 
components in the polymeric matrix had already beoi per&imed» and it is no 
longer necessary to perform a hi^ degree of mechanical woiidng of the mixture. 
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In accordance with the invention, the temporature parameter is kept at a 
substantially coinstant value <iunng this phase; this is due to the heat stored during 
the previous steps and to the action of the piston viiich corrects only any 
deviation of temperatore firom the predefined mean value, in particular 
deviations greater than ihe p&tmtted rsnge ctf fiuctvation with respect to said 
mean value. 

Once silanization has been completed, the mixture is unloaded. 

This operation is performed by op&mRg the discharge outlet 19 located at 
the bottom of the chamber 13 and by increasmg the number of revolutions of &e 
pairs of rotors so &at it is piekiMy brou^t again to she value of 6ie starting of 
Recycle. 

During this step, the adsorbed power immediately registers a new peak 
value (point N on the abscissa axis) which immediately decreases following 
(fischarguig of the mixUire; &e es^^ txsed on averagje duiiag the whole woildng 
cycle described^ indicated by the cone^onding ouve in Figure 3, is in &is 
example of about 0.12 kWh per kg of compound produced. 

The mixture extn«;tedfiDom the maffl-^ at the teo^peral^ i40X 
and, as mentioned previously, it k esoruded in sheet fona and cooled to room 
temperature. 

Pioc^^g of the material within the closed mker 10, in particular for the 
productitm of silica*ranfi>rced compounds.^ influenoes ^ characterisdcs of the 
material (compound) obtamed during the si^sequent steps. 

The accejrtability range, within which the process parameters may 
fiuctuate, is fixed taking into account the variability of the physical and 
medianical propa:ties suitable for a referatce con^imd m view of its precise 
ifltendeduse. 

Hereby with the expr^ion **rdference compound" It is meant a compound 
wi& sudi ph^cal and mechanical properties as to dcteRnme, when the 
compound forms part of the end product, tibe pef&tmmces required by s^d 
product, example &e pofonnanoes of a tread band. 

The charactRi^cs of a "refeieoce Qtjmpom^ conqirise those of the 
mixtuxe at the outlet of the mixer 10, &ose of the raw cconpound ^iracted &om a 
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second mixer v^ere the mixture coming out from the first mixer has been mixed 
with the crosslmking system, and those of the vulcanized compound. 

Among the most importsnt cfaaractedsttcs of the mixture extracted horn 
the first mixer there are die viscosity and the percentage of siJanizalion, whereas 
among those of the raw compound at the outlet of to second mixer there are 
again the viscosi^ and the percentage of silanization as well as the rheometric 
diasactensticSy vdiile among ttose of the vulcanized compound the d^isity, the 
hardness and the static mi. dynamic moduH. 

us now assume that the method described above with the aid of 
Figures 3 and 4 is &e ^timtmi cycle for defining the method of pxoduction of a 
conq>ound and that it is required to detennine &6 acceptability range of the 
process parameta:s. 

The method for detCTiining His acceptability range is performed as 
desoibed below. 

Undo* umfonn conditions of the raw materiaJs and undar optimum 
e£icieiDcy of the plant and madxinery, a significant number of batches; both of the 
mixture and of the compound^ are produced seven^ times using the optimum 
laocess. 

The diaracteristics of the produced items are measured and respectively 
compared fbose of ^e t^ecmce con^mund and mixture obtained using the 
alx>imnentioned optinnnn mdhod, as weO as with ibc vabacs of the process 
paiamelas used. 

Ussng a calculation m^od of the s^ti^al type, the Umils wifitin which 
each piocess param^er may vary in order to obbun pnxlact characteristics 
inchided mSm the predefined limits, are d^ensined 

PiireJy by way of a non-limiting example, &e quantitative limits within 
wluch thm is a variation in the ix^redients of ^ compostion of a tyfnca! 
compound ^ can be produced nsii^ &e process according to the invention, aie 
indicated hereinbelow. 

The quantities of the ingredients are expressed as parts by weij^t per 
hundred paits of polymeric material (phr): 
Polymoncbase 100 
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Cari>on black 


0-SO 


Silica 


iO-80 


Bonding agent 


4%-15% of silica 


Zinc oxide (ZnO) 


1-3 


Stearic acid. 


0-3 


Anti-degradation agents 


1-3 


Piasticizing oil 


0-30 


Anti-02one wax 


0.5-3 


Specific chemical in^edients 


0-15 



In addition thoeto there will be included the crossHnkisg system, in 
quantities known per se depending on the composition of the mixture^ usually 
cofl^sri^Qg sttlphtur (&om 0.5 to 2.5 phr) and volcanization accelerators. 

Aziiong the polymeric bases, preference is given to polymers or copolymers 
with £B imsaturated chain obtained by means of polymmzsndon of conjugated 
dienes and/or aliphatic or axonka^c vinyl monomers. 

GivCT the above» by way of ^cample some tabks rdatisg to the re&rme 
vahies for a given componixi c(»spositi<m sxd accq>tabi!ity ranges of l&c ]m)cess 
p^am^eis are pzovided hminbelow. 

Thus Ti^le I fdiows the values of &e dianutajstics of the raw cos^und at 
the outlet of a mixer such as that shown in Fig. 2, while Table 2 shows some 
diaractexistics of the vukanized eompoiiDd. In both cases ^ tolerance ranges are 
defined hy the deviaticni Hmits fiom ^ (coxtrai) reference values, indicated with 
tfaesymb(^;fc. 

The tables relate to proc^slng of a batch of material of 230 kg <^timized 
widi respect to the volume of the mixer and mixture density; the material 
inboduced into ^ nnxar 1 0 has a compositi<m chosoi from &ose indicated tbovt 
and in particular finrned as specified hsxt^E&icloiw: 

RECIPE 



(plar) 

Nstural nbber 8.00 
Po^^butadiene 20.00 
SBR "in sohition*' 72.00 
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Plasdcizjng oii 

Silica ^3 

Stearic acid 2 

Zinc oxide 2-5 

Processing aid 2,00 

Silane (50% predisperscd) 10.00 

Wax 1 

Amino anti^oxidanl (type TMQ) I 00 

Amino anti-degradation agent (type 6PPD} 2*00 

Sulplnir 1-20 

Acceieraton sulphenamide (type CBS) 2,00 

Acceleialor:diphaiy}guanidi&e(8()%acf^^^^ 0.80 

Table} 

Rheomethc Central Deviation 

diaradcdstics value tolerances 



MtidNm) 2^0 ±0.30 

MH(dNm) 2a50 ±2,00 

t3o{mm) 0.82 ±0M 

teo(imn) 1.74 ±0.13 



The Ehecxnedic dmactCTstics aie messured in this case in accmlance with 
the standards ISO 6502 by using an instnunent of the MDR type for 2 minutes at 
thet«npmtureof 195 ^C. 

The ibeonsetric units Ml and Mh ate exposed in dN*m (tilths of a 
Newton per metre} cone^ponding to the initial iforce and to the maximum force 
exmed by m osdltatiug device on the cosqiound test-piece heated to a glvai 
teti^enttuze. 

The progression of the vuicanizs^on curve initially ochitdts a depression 
(saddte region) where thm is the minimum force, conesponding in the raw 
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condition to the plastic state (Ml) and then the curve gradually rises up to a 
constant maximum value (Mn) corresponding to the vulcanization level where the 
instrument exerts the maximum force. 

The characteristics indicated in Table i by the symbols tjo, t^a are expressed 
in secoxKls and each indicates the time required to reach the percentage (30% and 
60%) of the diffecncc hetwecn the maximum force and the minimmn force. 

Table 2 below indicates the characteristics of a test piece consisting of the 
comp(»md extracted from (he second mixer after vulcanization for 30' (minutes) at 
tiieteax^Ktatureof 151 **C. 

Table 2 

Characteristic Mean vahte Variability 



Density 


(g/cm^) 


1,196 


±0,004 


10a%mo&his(CAl) 


MPa) 


2.3 




300% modulus (CAB) 


(MPa) 


9.8 


±0,6 


Uidmate teosiie strengdi 


(MPa) 


>15.0 




Ultimate elongation 


(%) 


>400 




Hardness 


(IRHD) 


73 


±2 



Hie doisity is measured by using the procedure defined in &e standard ISO 

2781. 

The dynamometric charact^tics are expressed by the moduli measured 
along the force/defonnation anvc traced in a Caitesisi diagram having m its 
orxynate axis the iotces expressed in MPa and in its abscissa axis the 
deformations. 

The testily ]Hocedures are defined in to standard ISO 37 ami the s)nibols 
CAl and CA3 ^wn in Table 2 indicate Qie value of the load measured at 100% 
and 300% deformation of the test piece, respectively. 

Using a methodology similar to that explained hitherto for the mixing step, 
in the method according to the invention reference values with the associated 
deviations axe detennined also for the oth^ critical stqis in processing of the 
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mixtttres. 

Thus, for example, the stay (maintenance) times ioside the extruder for st^ 
3 downstream from the closed mixer 10 arc der«mined, together with any other 
opoation in successive mixeis and the like, d^ending on the used operating 
cycle. 

On the basis of Hit data and the infotmation obtained above, a coefScient 
indicating the weight which non-compliance of a given parameter wife the 
predefined toleiancea mum^ in the production of a compound or a final mixtate 
with &e derired charactenstics, is assigned. 

Tins situation is illustrated in the titles shown in Fi^s 4, 5. 

As illustrated, Fig. 4 shows a table divided into a number of sectioi^ the 
first one of ^ch (on the left) contains the process param^^ considmd for 
pxocesdng of a given mtxtare m the discontimious mix^ 10. 

The $ec<»3d section (alongside the first one) s1k>ws ^ nominal valt^ of the 
afoiemratiDtted process parameters, ml ihek variation tolerances with res^>ect to 
thenatniittl values and tbecoefficiettte (or wdghts) attzibuted in the evmt of non- 
compliance with tiie tolmnces. 

These valu^ relate to the q>erating steps for iROcessing in &e mixer 10, 
which ace iflustrated in the gra^ of Fig. 3 and are indicated in the firat colmnn by 
the same liters. 

The third section (on fiie right of the preceding one) in Fig, 4, on the other 
hsBid, shows the vahies of the proems parameters actually n^astred during the 
ccHffse of processing of a mixfitre wifii &e abovementioned recipe, tc^^her with 
the weights attributed dq>ending on wheth^ the predefined tolerances are 
res3»ected(Qrn<M:). 

The wdgbt which n(»i-compliance with the various tolmnces assumes with 
regard to achieving a desired mixture will obviously depend on each individiial 
case; m Table < a scale of values ranging fiom a mmimum of 0 to a maximum of 
40 has been chosen. 

The weight £3ctors s^buted are then added together so as to provide an 
overall end result which, compared with the reference cU^fication shown in the 
last ri|ht-hand section of Fig. 4, provide the evahiaiton of the mixture. 
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Therefore, in this way it is possible to establish immediately, at the ouiht 
from the mixer 10, whether a batch of mat^al has been processed in accordance 
with the desired requirements. 

In the case of Fig. 4 it can be seen that fee total score, Ic. that resulting fmm 
fee sum of the individual wd|^t factors athibuted during the various process 
operating steps in the mixer 10, has a value of 45 and, from a con^arison with the 
reference classification, it can be deduced that the processed mixture iaiis within 
the third of the four categories envisaged, i.e. the category representing the 2**^ 
d^ee of non-compliance. 

A similar methodology is adopted for the other mixture processing st^s. 

For example. Fig. 5 shows a table which relates to the extrusion of the 
miJ^e; since this step (indicated by 3 in Fig. 1) is simple than the preceeding 
mixing operation, the associated table is also simplified. 

In this case, the pnocess paruneter to be complied with is the stay time 
inside the extiuder; in Hie same way as before, therefore a refer^ice classiiicatlon 
for this parameter is established, said cla5sificati<»i acting as a means of 
GQn^>arison for the actual vah^ measured, in order to delenniiie die quality of tl» 
mixture at the outlet 

As shown, in Fig. 5 onfy Hiree clas^cadon cat^oxies (instead of four as in 
the previous case) have been defined for ^ parameter, once the extrusion phase 
3 has been cois^Ieted, the sheets leaving the calender undergo the remaining 
wozktng steps xUustrated in Fig. 1 . 

This is polmmed continuously (i.e. without interruption) and ctmtioited 
d^endmg on the progress of production. 

Indeed, as illustiated above, with the m^hod according to the inv^tion it is 
pos^ble to obtain an ev^duatton, in real time, as to the quality of the semi-imished 
products obtained Ihrni a given batdi of starting materials; on die bsds of this 
evaluation it is dterefore possible to establish immediately, along the pioduction 
Une, ie. without havhug to perfonn separate laboratory teste on samples takoi 
ham the pio&ictton line, the subsequent use of the semi-finished product. 

As a result it is possible to adneve a nearly contimious working cycl^ 
controlling the |»oductkm with a ncmnal automated system (i.e«, a PLC or shnilar) 
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which functions in accordance with the logic d&scnbed above; in particular, it will 
no longer be necessary to tnteirupt the process to wait for the oatcome of the 
iaboratoty tests. 

For this puipose it is sufScient to provide, at the extrusion outlet, means 
(sacb as a pimch or the like) for niarkmg the sheets obtained from a given initial 
batclu in this way any sheet classified as defective or to be discarded (owing to 
human error or malfunctioning in the mixing or extrusion sqpparata) may be 
distingaished from the preceeding or following ones. 

Subsequently, along die production line, said sheet wil] then be separated by 
means of a cutting operation and will be arranged on a bench together with the 
sheets which have been attributed the same evaluation. 

It ^uld be noted that, in so doing, it is avoided to mix together sheets 
obtained fiom batches defect-firee and sheets obtained from batches which are 
ddfccttvc or which have to be discsrded, wife the consequent risk of 
contaminatiiig the s«ni-fimshed products that are in a good state and of discarding 
them as well. 

hideed, in the lamm art, for itsonitoiing the productiisi laboratory tests are 
cazhed out not only on Hie intermediate mix^ires, but also on &e (both raw and 
vulcanized) con^und obtuned dierewlth; consequently, if one {or more) of th^ 
mixtunes (wtddi should be discaided) is mixed wi^ o&er defect-free mixtures In 
otdea: to obtain the compoundy also the obtained ead product has to be discasr^d, 
vnAi &e corresponding economic loss arising therefrom. 

For the sake of completeness of explanation^ Figure 6 ^ws in tho fotm of a 
table the chacacteristics of the raw c<»iipounds obtained by using mixtures 
considered de&cfive and to be discarded in Figures 4 and S» respectively: i«e.> a 
mixture &r which mi3dBg was not performed in con^liance with the predefined 
condit«>ns and a suxture vluch remamed in the extruder for too long. 

In latter case» &e charactmstics of the vulcamzed compound (30 
mmutesat 151 and the belmviotiroftfaettead band during extrusion have also 
been taken imo con^deration; the ^utbols used are the same as those used in the 
preceding Tables 1 and 2. 

Of coiffse, vsffiations of the inv^itioa with respect to that described hitfaerto 
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are possible. 

Firstly it cm be pointed out that said invention is not limited oz^y to 
processing cycles such as that shown in Fig. 1 ; the tatter is in fact a simple cycle 
during which siiicization and ^anization of the mixture are performed in the 
same mixer, but thae is nothing to prev«it these two st^s from being perfonned 
in respective mixers^ with the mixture being discharged from one mixer and 
introduced into the other one. 

It should also be pointed out that the method according to the invention may 
also be applied to the processing of compounds, namely to the product obtained 
by adding the vuleaniz^ion components to a mixture. 

In other words, the system of determining nominal reference values with fee 
associated tolerances for the process parameters and then evaluating the degree of 
compliance with said values during |Hoduction, so as to control the progression 
thereof, may be appUed both to mmtares in gen&ai andto&ie pioducts obtained 
therefrom, such as for example the compounds. 

These and other possible variants in any case ^1 within the scope of the 
claims which foUow. 
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CLAIMS 

1. Method for processing a rubber mixture or a compound for the 
manufacturing of tyres, said processing comprising at least a mixing cycle and an 
extrusion cycle for obtaining a semi-fmished product and wherein said cycles are 
controlled by process parameters detected during execution thereof* characterized 
in that it comiuises &e steps of: 

a) determining variation tolmnces with respect to reference values for the 
process parameters; 

b) ccnnparing the d^ected vahies of the process parameteis with the 
reference values; 

c) attributing an evaluation to the sam-fini^ed pK>dttct depending on the 
conq>l!anc6 or non-complismce of &e values d^ied with the predefined 
tol^ances; 

^ classifying the semi^fini^ed product on the basis of the evaluation 
attributed; 

e) establishing the successive stq>s for processing of the semi-Onished 
jmiduct depending on classification thereof. 

2. Method according to Claim 1^ wherdn steps b) to e) are perfcHmed 
in an automated mann«:« 

3. M^od according to Claim 1, wherein the process pazameteis 
detected comprise om or more of the following parametres: duration of the 
mixing cycle or of at least a part thereof; ten^erature and energy absorbed by the 
mixture or by the compound dvdng the mixing cycle ix at least a part thereof, 
duration of &e extraction operation* 

4. Mediod according to Claim 3, wherein the naixing cycle is 
performed whh at least one internal mixer (10) of the Banbury^ or Intermix® 
type. 

5. Mdhod according to Claim 4^ wherein a coefQcient Indicating the 
con^iliance with &e predefined tolerances is attributed for the process param^eis 
detected during the mixing cycle, and wherein the evaluation of the s^-fisidied 
pioduct is performed by adding together the coefficimts attributed md comparing 
the result obtained with a reference classification. 
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6. Method according to Claim 5» wherein the extraction operation is 
peE&nned iising at least one single-screw or doubIe>screw extruder associated 
with a pair of cal^dering rolls, 

7. Method according to Qaim 6, wherein the rolls are of the Miction 
and/or variabie i^ed type. 

8. Method according to Qaim 5, whereic the extraction operatk>n is 
pcf^zmed using at least one singk-screw or doid^le-screw extruder and at least 
onenuxer of the open type. 

9. Method accordisg to Qaim 5, wherdn the stay time in the extruder 
is detected for the extraction operation and the evaluation of the senii*£iushed 
product is p^fom^ by comparing the time detected with a refer^ce 
classification. 

10. Method according to Chum 9, wherein ^ sCTU-finished ptoduct is 
marked downsbeam torn the extraction operation so as to be identiiiai and 
separated Bom othor scmi-fmished products obtained pnw to and/or stibseqaent 



11. Method according to Claim 10, wherein the looc^sed mixtmre or 
conofXHind comprises silica as &e reinforcing elemeait 

12. Mediod according to Clahn 11, whmin the obtained final 
conq>omkd conq)nses at least the following ingredients, in vanable quantities and 
p^ hundred parts by wei^t of poiym^c base (pht), betweeai &e following 
lunits: 

Polym^gricbase 100 
Carbon black 0-80 
SiSca IQ^m 
Bonding j^graif 4%-15% of silica 

Zinc oxide (ZttO) 1*3 
Stearic acid 0-3 
Anti-degjadation agents 1-3 
Plastidzii^: oil 0-30 
Anti-ozone wax 0.5*3 
Specific ch^nical ingredients 045 
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13. Method accordms to CUum 12, wherem the final confound 
vulcanized for 30 mimites at 151 X has the foQowiag cbaiacteri^cs; 



Charaeteristic Mean value Variability 



Daislty 




U% 


±0.004 


lOO%ni0duius(CA2} 


(MPa) 


2.3 


±0,2 


300% moduli^ (CA3) 


(MPa) 


9.8 


±0,6 


Vldmaic tensile strenght 


O^a) 


>I5,0 




Ultimate elongation 


(%) 


>400 




Harness 


(IRHD) 


73 


±2 
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